Synopsis Animal navigation in the marine environment is believed to be guided by different sensory cues over different spatial scales. Geomagnetic cues are thought to guide long-range navigation, while visual or olfactory cues allow animals to pinpoint precise locations, but the complete behavioral sequence is not yet understood. Terra Ceia Bay is a primary nursery area for blacktip sharks, Carcharhinus limbatus, on southwestern Florida's Gulf of Mexico coast. Young-of-theyear animals show strong fidelity to a specific home range in the northeastern end of the bay and rapidly return when displaced. Older juveniles demonstrate annual philopatry for the first few years, migrating as far south as the Florida Keys each fall, then returning to Terra Ceia Bay each spring. To examine the sensory cues used in homing, we captured neonate (53 weeks old) blacktip sharks from within their home range, fitted them with acoustic tags, and translocated them to sites 8 km away in adjacent Tampa Bay and released them. Intact animals returned to their home range, within 34 h on average, and remained there. With olfaction blocked, fewer animals returned to their home range and they took longer to do so, 130 h on average. However, they did not remain there but instead moved throughout Terra Ceia Bay and in and out of Tampa Bay. Since sharks from both treatments returned at night in tannic and turbid water, vision is likely not playing a major role in navigation by these animals. The animals in this study also returned on incoming or slack tides, suggesting that sharks, like many other fish, may use selective tidal stream transport to conserve energy and aid navigation during migration. Collectively, these results suggest that while other cues, possibly geomagnetic and/or tidal information, might guide sharks over long distances, olfactory cues are required for recognizing their specific home range.
Introduction
Natal homing is a remarkable and yet common behavior in the marine environment. A wide variety of animals, including fish, sea turtles, and mammals, perform long migrations to return to their natal areas to lay eggs or give birth to young (Bowen et al. 1993; McConnell et al. 2002; Quinn 2005; Rooker et al. 2008; Lohmann et al. 2013 ). Molecular and tag-recapture studies have demonstrated that natal philopatry occurs in several species of sharks (Feldheim et al. 2002 (Feldheim et al. , 2004 (Feldheim et al. , 2014 Keeney et al. 2003 Keeney et al. , 2005 Hueter et al. 2005; Portnoy et al. 2010; Tillett et al. 2012; Mourier and Planes 2013; Chapman et al. 2015) . The blacktip shark, Carcharhinus limbatus, is a large coastal species that is abundant in the Gulf of Mexico and is important both in recreational and commercial shark fisheries (SEDAR 2012) . Terra Ceia Bay, on the Gulf of Mexico coast in southwestern Florida, is a well-studied primary nursery for this species. Females give birth to pups in late May through early July (Hueter and Tyminski 2007) and the young-of-the-year (YOY) animals show strong site fidelity to Terra Ceia Bay for the first 6 months of life (Heupel and Hueter 2001) . Neonate animals utilize a restricted home range area, confined to the northeastern end of the bay (51 km 2 ) in the early summer (May-June) (Heupel and Hueter 2001; Heupel et al. 2004 ). In late July or early August, the animals undergo a synchronous, population-wide range expansion and begin utilizing most of Terra Ceia Bay ($5 km 2 ) and making occasional forays into adjacent Tampa Bay (Heupel and Hueter 2001; Heupel et al. 2004 ). The young juveniles find refuge from predators and abundant food inside the shallow, protected waters of Terra Ceia Bay, with the former being the more important factor directing habitat choice . By late October or early November, the YOY pups leave Terra Ceia Bay for the offshore waters of the Gulf of Mexico (Heupel et al. 2004; Heupel and Simpfendorfer 2005) , migrating over 200 km south to winter feedings grounds off the coast of Florida, as far south as the Florida Keys . Recaptures of tagged animals in Terra Ceia Bay in the summers of years 1-3 suggest that this species is philopatric on an annual cycle for the first few years of life . As adults, blacktip sharks can migrate over thousands of kilometers (Kohler et al. 1998) , but return to their natal regions to give birth to pups on a biennial basis (Keeney et al. 2003 . In addition to their annual migratory movements, blacktip sharks can also find their way home after being displaced. YOY animals were found to innately flee Terra Ceia Bay for deeper waters in response to rapid drops in barometric pressure associated with a strong tropical-force storm system, but all animals returned to their home range once the inclement weather had passed . Displacement experiments conducted on Port Jackson sharks Heterodontus portusjacksoni (O'Gower 1995) and juvenile lemon sharks Negaprion brevirostris (Sundstrom et al. 2001; Edrén and Gruber 2005) also have demonstrated that sharks will return to their home ranges after artificial displacement.
The sensory cues that guide natal homing in sharks are unknown. Navigation by marine animals has been proposed to be biphasic, with geomagnetic cues guiding long-distance navigation in the open ocean, while olfaction or vision guide short-range navigation . There is direct experimental evidence of magnetic guidance in the first phase in sea turtles (Lohmann and Lohmann 1996; Lohmann et al. 2004 Lohmann et al. , 2007 Lohmann et al. , 2012 Luschi et al. 2007; Putman et al. 2012 ) and of olfactory guidance in the second phase in salmon (Hasler and Scholtz 1983; . Juvenile salmon respond to magnetic fields (Putman et al. 2014 ) and the migratory routes of adults suggest the use of geomagnetic cues over long distances , but the complete behavioral sequence is not yet understood for any marine animal.
Sharks are thought to navigate in the open ocean by detecting electrical currents induced by their movements through the Earth's magnetic fields using their electrosensory system, the ampullae of Lorenzini (Kalmijn 1978 (Kalmijn , 1982 (Kalmijn , 1984 Klimley 1993; Paulin 1995; Johnsen and Lohmann 2008) . Elasmobranchs, including stingrays and sharks, are capable of forming visual cognitive maps of their environment and can use familiar landmarks to navigate to a goal via an unfamiliar route Bleckmann 2005, 2012) . These maps can be remembered for at least 6 weeks without reinforcement (Schluessel and Bleckmann 2012) , but may be remembered much longer, as sharks are capable of retaining visual memories for at least a year (Fuss and Schluessel 2015) . The use of visual cognitive maps for navigation has been demonstrated in teleosts (Goff and Green 1978; Reese 1989; Mitamura et al. 2012 ) and proposed for several species of sharks (O'Gower 1995; Guttridge et al. 2009; Meyer et al. 2010) . Olfactory cues are essential for homing in several species of fish (Goff and Green 1978; Hasler and Scholtz 1983; Halvorsen and Stabell 1990; Barbin 1998; Mitamura et al. 2005; Gerlach et al. 2007 ). These cues are so precise that salmon can home to a particular branch of a stream (reviewed by Quinn 2005) and reef fish can distinguish between patches of reef that are less than 1 km apart (Gerlach et al. 2007) . Fishes are believed to imprint on the unique chemical signature of their natal areas during a brief sensitive period during development and to later use these chemical cues to return home (Hasler and Wisby 1951) . In sharks, olfaction plays an integral role in identifying prey (Gardiner et al. 2014) , predators (Rasmussen and Schmidt 1992) , and possibly mates (Johnson and Nelson 1978) , and has been suggested to be involved in homing (Edrén and Gruber 2005; Heupel and Simpfendorfer 2005) . Blacktip sharks are known to track odor plumes when searching for food (Gardiner et al. 2014 ) and we hypothesized that they would use odor to find home as well. The goals of this study were: (1) to determine the ability of neonate blacktip sharks to return to their home range after being experimentally displaced and (2) to examine the role of olfactory cues in this process.
Material and methods

Study site
Terra Ceia Bay is a small (5 km Â 1.5 km), shallow ($4 m maximum depth) bay adjacent to the southeastern end of Tampa Bay on the Gulf of Mexico coast in southwestern Florida. This mangrove-fringed bay is semi-enclosed with one major opening, less than 1 km wide, which joins Tampa Bay, and two smaller connections to other bodies of water, the Miguel Bay cut to the north and the Manatee River cut to the south (Fig. 1) .
Displacement experiments
Neonate blacktip sharks, C. limbatus, were captured from within their home range in the northeastern end of Terra Ceia Bay, FL in late May through June (Fig. 1 ) using rod and reel gear. Sharks were estimated to be less than 3 weeks of age based on size and the presence of open umbilical scars (Castro 1996) . The animals were measured, then allowed to recover from capture on the research boat in a large livewell, 195 cm long Â 120 cm wide Â 55 cm deep, equipped with supplemental oxygen, for at least 30 min, then transported to a site 8 km away and released ( Fig. 1) . Transportation to the site of release required 20-30 min. There, we fitted each animal with an acoustic tag (Lotek MM-R-8SO transmitters, Lotek Wireless Inc., Newmarket, Ontario, Canada or Vemco V9-1L transmitters, Vemco, Bedford, Nova Scotia, Canada) either measuring 8.5 mm Â 38 mm, weighing 5.5 g in air, with a battery life of approximately 172 days (Lotek) or 9 mm Â 24 mm, weighing 3.6 g in air, with a battery life of approximately 207 days (Vemco). Each transmitter emitted a uniquely coded series of pulses for each shark, at 76 kHz, every 55.5-60 s (Lotek) or at 69 kHz, every 70-110 s (Vemco). The transmitter was attached by a cable tie through a small hole in the first dorsal fin, such that the tag could rotate freely (Fig. 2) . All handling and tagging was completed within 1-2 min and was accomplished without anesthesia by briefly restraining the animal. The shark was then allowed to recover from tagging in the livewell for several minutes, prior to being released. The condition of the animal upon release was scored (1 ¼ excellent condition: very strong, rapid swimming upon release, usually with a vigorous splash, rapid descent below the surface; 2 ¼ very good condition: strong swimming upon release, rapid descent below the surface; 3 ¼ good condition: slower swimming upon release and remained at the surface for a period of time before descending; 4 ¼ poor condition: required a long revival time (more than 30 s) and weak or limited swimming upon release). Sharks were released individually to ensure that they behaved independently from one another. Environmental data (water temperature, salinity, dissolved oxygen, conductivity, wind direction and speed, cloud cover, and tidal information) at both the sites of capture and of release were recorded. Five animals were translocated in summer 2012, 5 in summer 2013, and 10 in summer 2014. To determine the contribution of olfaction to homing behavior, we blocked olfaction in 20 additional animals (10 in summer 2013, 10 in summer 2014) by inserting cotton, soaked in petroleum jelly, into the nares of the animals. In the laboratory, these blocks remain in place for several days and do not appear to cause significant stress to the animals, as they resume feeding within less than 1 h (Gardiner et al. 2014) . All protocols for the handling and use of animals were approved by the Institutional Animal Care and Use Committee at Mote Marine Laboratory.
Acoustic tracking
We deployed 11 Vemco VR-2 acoustic receivers (Vemco Ltd) to track and monitor tagged sharks. Receivers were placed in Tampa Bay adjacent to the mouth of Terra Ceia Bay (receivers 2, 3, 4), inside the mouth (receivers 5, 6, 7), adjacent to the Miguel Bay cut (receiver 8) and the Manatee River cut (receiver 11), and at the southern and northern ends of the home range of neonate blacktip sharks (receivers 9 and 10) ( Fig. 1) (Heupel et al. 2004 ). The receivers recorded date, time, and the identity of tagged sharks when they swam within range of the unit. The range of the stations within Terra Ceia Bay was estimated to be 500 m based on previous studies (Heupel and Hueter 2001; Simpfendorfer et al. 2002) . We used these stations to determine when and how translocated animals returned to Terra Ceia Bay and to determine whether or not they returned to the home range from which they originally had been removed and displaced.
Analysis of data
Homing was defined as a return to the home range, based on detections at receivers 9 and/or 10. We also examined the number of animals that returned to Terra Ceia Bay but did not return home (detected at receivers 5-8 and/or 11). We compared the proportion of animals that homed with the proportion of animals that returned to Terra Ceia Bay for the two treatments using Fisher's exact tests. Because these data are linked, Benjamini-Hochberg corrections were applied to the P-values (Benjamini and Hochberg 1995) . The time to return home was calculated from the release time until the first detection within the home range (at receiver 9 or 10). The time to return to Terra Ceia Bay was calculated Role of olfactory cues in shark homing behavior Fig. 1 Map of the study site, Terra Ceia Bay, showing the locations of the acoustic receivers (numbered black dots) and the home range (cross-hatched area) of YOY blacktip sharks in early summer (Heupel et al. 2004 ). Animals were collected from within the home range and released at the location indicated by the star. Fig. 2 The proportion of detections of control (dark gray diamond; n ¼ 7) and olfactory-blocked (light gray circles; n ¼ 3) blacktip sharks within the home range after being translocated. Data are shown for the first 14 days post-release for animals that returned to the home range. Error bars represent the standard error of the mean. 498 J. M. Gardiner et al. from the time of release until the first detection by a receiver at a point of entry into Terra Ceia Bay (via the mouth of Terra Ceia Bay ¼ receiver 5 or 6, via Miguel Bay ¼ receiver 8, or via the Manatee River ¼ receiver 11). Because the data for time were positively skewed (i.e., primarily short times until return), we examined the effects of treatment using a generalized linear model (GLM) with a gamma distribution (Venables and Dichmont 2004) . For the animals that homed, we examined their location for 2 weeks post-release by calculating the proportion of detections within the home range (i.e., at receivers 9 or 10), versus outside of the home range (i.e., all other receivers). We examined the effect of the treatment using a generalized linear mixed model (GLMM) with a binomial distribution, fitted by maximum likelihood, assuming a LaPlace approximation (McCullagh and Nelder 1989; Bolker et al. 2009 ). To account for the repeated-measures design, we included the animal's identity as a random effect in the model. Analyses were conducted using R (version 3.1.1) and the lme4 package (Bates et al. 2015) .
Results
In summer 2012, five animals with all senses intact were translocated outside of Terra Ceia Bay. Two animals were released shortly before the arrival of a tropical storm. Large changes in barometric pressure previously have been shown to drive juvenile blacktip sharks outside of Terra Ceia Bay, into deeper waters . Since the storm may have affected the behavior of these animals, they were excluded from analysis. In summer 2013, one control animal and one olfactory-blocked animal were not detected at any of the acoustic receivers, including the station at the point of release; these animals were excluded from analysis as they may represent either mortalities of the shark or malfunctioning of the tag. A summary of the data for the remaining animals, organized by treatment and year, is presented in Table 1 . The environmental conditions at the sites of capture and release were similar across all days of the study (mean difference in temperature: 0.69 AE 0.178C; mean difference in salinity: 1.25 AE 0.27 ppt; mean difference in conductivity: 1.73 AE 0.45 mS; mean difference in dissolved oxygen: 0.58 AE 0.12 mg/L). For both treatments, homing usually occurred at night, with the animals re-entering Terra Ceia Bay on an incoming or slack tide. Blocking olfaction resulted in fewer animals returning to Terra Ceia Bay (Fisher's exact test, P ¼ 0.04) and to the home range (Fisher's exact test, P ¼ 0.02), however, a similar proportion of the animals that returned to Terra Ceia Bay returned to the home range for both treatment groups. Control and olfactory-blocked animals did not differ significantly in the time taken to return to Terra Ceia Bay (control: 43.4 AE 25.1 h; olfactory-blocked: 68.4 AE35.5 h; GLM F 1,16 ¼ 0.7471, P ¼ 0.4); however, olfactoryblocked animals took longer to home than did control animals (control: 33.7 AE 7.1 h; olfactoryblocked: 130.3 AE 60.7 h; GLM F 1,8 ¼10.863, P ¼ 0.01). Animals were released during the day, on a variety of tides. There was no relationship between the time of day of the release, tide at release, or animal's condition at release and the likelihood of return or time taken to return to Terra Ceia Bay or to the home range. After returning to the home range, the behavior of the two groups of animals was significantly different. The control animals were detected predominantly within the home range, while the olfactory-blocked animals continued to move throughout Terra Ceia Bay and even back out into Tampa Bay (GLMM, 2 ¼ 6.913, DF ¼ 1, P50.01; Figs. 2 and 3) . Some of the animals did not return to Terra Ceia Bay: three of the control animals and two of the olfactory-blocked animals were only briefly detected (for less than 1 h) at the release site, while 2 of the control animals and 10 of the olfactory-blocked animals were detected intermittently in Tampa Bay for periods of time ranging from a few hours to up to 2 weeks. Some animals returned to Terra Ceia Bay, but did not return home: two of the control animals and three of the olfactoryblocked animals entered Terra Ceia Bay and then went back out into Tampa Bay, while three of the control animals returned to Terra Ceia Bay and remained in other areas.
Discussion
Our results suggest that blacktip sharks identify their home range using olfactory cues. Olfactory-blocked animals were less likely to home, and those that homed did not remain in their home range, but instead moved around Terra Ceia Bay and back out into Tampa Bay. Similar behaviors were observed in olfactory-blocked black rockfish that were artificially displaced from their home ranges (Mitamura et al. 2005) . Blacktip sharks may imprint chemically on components of the water specific to the northeastern end of Terra Ceia Bay. This area has limited inputs from two small freshwater creeks (Fig. 1) , which could give the upper part of the bay a unique chemical signature. In reef fish, terrestrially derived chemicals (from island vegetation) are important for the Role of olfactory cues in shark homing behavior 499 recognition of habitat (Dixson et al. 2011) . Alternatively, the blacktip sharks could be attracted to pheromones from conspecifics residing in the home range, as has also been proposed for salmonids (Nordeng 1977) ; however, found no evidence that individual sharks in their study were schooling or aggregating.
Olfactory cues appear to be very important at close proximity to the home range, but at a greater distance, their role is less clear. Fewer olfactoryblocked animals returned to Terra Ceia Bay, but they did not take significantly longer to do so. Many of these animals, however, entered Terra Ceia Bay, but then quickly left again. The olfactory-blocked animals that returned to the home range were slower than the control animals. These results suggest that at the distances animals were displaced in this study (8 km), olfactory cues may play a role in navigation, but they do not appear to be the only sensory signal involved. Similar results were observed in salmon: olfactory-blocked animals entered the mouth of the river, but few ascended the river system compared with the control group (Craigie 1926) . Experimental evidence in salmon suggests that the fish use visual cues over the midrange (distances of a few kilometers) and olfaction becomes important at a very close range for pinpointing an exact location (Ueda et al. 1998 ). While several species of shark have been suggested to use visual cognitive maps to navigate (O'Gower 1995; Guttridge et al. 2009; Meyer et al. 2010) , the use of visual cues by the animals in our study is unlikely, given that the majority of the animals returned at night. Although sharks have high scotopic sensitivity (Gruber and Cohen 1978) and are thought to be capable of visual activity by moonlight (McComb et al. 2010) , the waters in and around Terra Ceia Bay are both tannic and turbid. Visibility at stations within the bay and at the mouth during the months of our study averaged less than 1.5 m during the daytime (University of South Florida Water Institute 2015). Visual cues were therefore likely to be diminished at night, when the sharks in this study were navigating home, even during a full moon. Geomagnetic cues have been theorized to function on a scale of about 10 km and lobsters appear to use magnetoreception at approximately this distance from home (Boles and Lohmann 2003) . Most marine animals are believed to detect magnetic fields using magnetite (Kirschvink 1989) . Elasmobranchs may possess magnetite (O'Leary et al. 1981; Hanson et al. 1990 ), which may be involved in magnetoreception (Kirschvink 1989; Kirschvink et al. 2001; Walker et al. 2003 ), but they also possess an extremely sensitive electrosensory system (51 nV) (Kalmijn 1982; Kajiura 2001; Kajiura and Holland 2002; Jordan et al. 2009; Bedore et al. 2014 ). This system theoretically could detect the currents induced by the animal's movements through Earth's magnetic fields (Kalmijn 1978 (Kalmijn , 1981 (Kalmijn , 1984 , but this hypothesis has yet to be fully tested. The functional range for geomagnetic orientation in these animals is unknown at this time, but the animals in this study could be navigating back to Terra Ceia Bay using magnetic information.
Tidal information could also be important for navigating into Terra Ceia Bay. Tidal currents can provide directional cues for orientation and also facilitate movement (Metcalfe et al. 2006) . By moving into the tidal stream when it is flowing in the direction of migration and avoiding it when it is flowing in the opposite direction, fish can conserve energy during migratory movements (Weihs 1978; Metcalfe et al. 1990 ). Many species of fish, including plaice, eels, and mackerels, have been shown to use this behavior, called selective tidal stream transport, during migration (Metcalfe et al. 1990; Castonguay and Gilbert 1995; Parker 1995) . Some species of shark, including blacktip sharks, are known to coordinate local movements within bays or estuaries with tidal patterns, moving toward outer areas on outgoing tides and toward inner areas on incoming tides (Medved and Marshall 1983; Ackerman et al. 2000 ; Role of olfactory cues in shark homing behavior 501 Steiner and Michel 2007) . All but one of the sharks in this study returned to Terra Ceia Bay on an incoming or slack tide, which suggests that blacktip sharks may also use selective tidal stream transport during migration. The use of this behavioral strategy requires detecting the direction of the current (Forward and Tankersley 2001) . In some species, olfaction can play a role in determining the direction of flow: by identifying the chemical signature of their target area, carried by the current, fish can determine when the tide is flowing away from their intended destination (Barbin 1998) . Orienting to currents of water, termed rheotaxis, can be mediated by visual, tactile, vestibular, or lateral-line cues (Bak-Coleman et al. 2013) . Sharks, including the blacktip shark, can detect the direction of large-scale flow, such as tidal currents, using vision or the lateral line system (Gardiner and Atema 2007; Gardiner et al. 2014) . Not all of the control animals in this study homed to Terra Ceia Bay or to their home range. A proportion of the translocated animals, consistent with the proportions observed in other studies of animals displaced to suitable habitats, did not return (Barbin 1998; Belanger and Rodriguez 2001; Sundstrom et al. 2001; Anthony et al. 2009 ). In these other studies, some animals were observed to remain at the site of release. Some of the animals in this study were detected only briefly at the release site (three control, two olfactory-blocked) or for longer periods at the receivers in Tampa Bay (2 control, 10 olfactoryblocked). Young blacktip sharks are found in other nearby areas of Tampa Bay (Hueter and Tyminski 2007) ; some of the animals in this study could have moved to these locations, rather than returning home. Higher rates of straying were observed in anosmic salmon (Wisby and Hasler 1954) ; similarly, straying could explain the higher proportion of olfactory-blocked animals that did not return to Terra Ceia Bay. It is also possible that these animals were subject to predation. YOY blacktip sharks are believed to restrict their habitat to the northeastern end of Terra Ceia Bay, primarily to avoid predators, as prey densities are higher in other (middle to southern) portions of the bay . The deeper waters of Tampa Bay likely represent an increased risk of predation for these small sharks. YOY blacktip sharks in Terra Ceia Bay are subject to natural (predation) and fishing mortality, as this bay is a popular recreational fishing site. Total estimates of mortality for YOY blacktip sharks in Terra Ceia Bay are 61-92% during the first 6 months of life with all mortality occurring prior to week 15 . Since chemical cues may play a role in the detection of predators (Rasmussen and Schmidt 1992) , it is possible that fewer olfactory-blocked sharks returned to Terra Ceia Bay because they were less able to detect the presence of a predator and were subject to higher predation. Sharks rely on a suite of senses to detect predators and visual and hydrodynamic cues are believed to trigger escape responses (Seamone et al. 2014) , so blocking olfaction would not be expected to impact this behavior. Blocking olfaction similarly is not expected to have dramatically affected survival as a result of altered feeding behavior, as blacktip sharks can use either vision or olfaction to detect and locate prey and feed successfully in the laboratory when olfaction is blocked (Gardiner et al. 2014) .
Our results also demonstrate that even neonate blacktip sharks are capable of natal homing after experimental displacement. Since neonate animals have previously been shown to remain only within the confines of their small home range in the northeastern end of Terra Ceia Bay (Heupel and Hueter 2001; Heupel et al. 2004 ), these animals are not expected to have formed a map from Tampa Bay to their home range. The sensory cues used to navigate back to the home range are either learned very early in life or are innately known. Among teleosts, chemical imprinting can occur within a few hours to days, as in reef fish (Arvedlund and Nielsen 1996; Gerlach et al. 2007) or within the first months, as in salmon (Scholtz et al. 1976) . Magnetic maps in fish may be inherited or learned from very early experience, as juvenile salmon without prior migratory experience respond to magnetic fields by orienting toward their feeding grounds (Putman et al. 2014) . Rheotaxis is also believed to be an innate behavior, as fish exhibit unconditioned orienting responses to currents of water (Lyon 1904) . Although they do not appear to be of importance to the animals in this study, visual cognitive maps are learned rapidly and elasmobranchs can recognize landmarks after just a few experiences Bleckmann 2005, 2012) .
Understanding the sensory mechanisms underlying natal philopatry is important in the overall efforts to rebuild depleted shark populations in coastal waters. Fishery management plans require identifying and describing essential fish habitat (EFH), taking into account the biological, physical, and chemical characteristics that influence the use of EFH by specific life stages of the species. They must also evaluate the potential for adverse effects or alterations that could reduce the quality of the EFH ( activities. Removal of animals with maps to particular areas could have a dramatic effect on the relative abundance of species in these locations, a phenomenon known as localized stock depletion (Walker 1998; Hueter et al. 2005; Chapman et al. 2015) . However, localized stock depletion could also result from alterations to the environment that mask or eliminate the sensory cues needed for homing. A number of environmental alterations can negatively impact olfaction. Many common contaminants, such as pesticides, herbicides, metals, petroleum oil, and detergents, damage fish olfactory receptors (Bardach et al. 1965; Tierney et al. 2007 Tierney et al. , 2008 Tierney et al. , 2010 . Humic acid, a byproduct of the breakdown of algal blooms, can both damage olfactory receptors and physically sequester olfactory cues (Yang et al. 2002) , thereby negatively impacting olfactory-mediated behaviors (Fisher et al. 2006) . Ocean acidification has recently been shown to impair olfaction in many fishes, including sharks (Dixson et al. 2014 ), leading to negative effects on several behaviors, including homing (Munday et al. 2009; Leduc et al. 2013) . Future fishery management efforts should consider and protect the sensory features that guide homing to essential habitats.
